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CLAIMS 




1. A fuel composition suitable for use in hybrid rockets and solid fuel ramjets or gas 
generation, comprising\^ fuel disposed in a combustion chaniper and means for causing 
the flow of an oxidizer past the fuel to cause combustion with d flame, characterized in that 



\ 



under the heat transfer from the flame, the fuel forms an unstable melt layer with viscosity 
and surface tension such that the melted fuel forms droplets that can be entrained in the 
oxidizer flow thereby increasing the rate of burning of th/fueL 



2. The fuel composition of Claim 1 wherein the fueV is selected from the n-alkane class 



V 



of hydrocarbons and mixtures thereof, having the general formula of C„H 2„ + 2. where n is 
a mean carbon number and is \rv the range of 15 yto 80, and which are solid at room 
temperature. 



3 . The fuel composition of Claini 1 wherein the fuel is selected from the n-alkane class 
of hydrocarbons and mixtures thereof^ havfijg thj^ general formula of CnH2„+2> where n is 
a mean carbon number and is in the rangelb^l^^to 40. 



4. The fuel composition of Claim 1 w^ecein the fuel is comprised of a material where 
the viscosity of the melt layer is less than about 1 mPa-sec at an average temperature 
between the melting and vaporization temoeratures of the material, and the surface tension 
of the melt layer is less than about 25 m^/m\at the interface temperature Timcrface- 



5. The fuel composition of Claimy2 wherein the fuel is selected from isomers of said 
alkane class of hydrocarbons. 



6. The fuel composition of Olaim 1 wherein the fuel is selected from the group of 
alkhylnaphthalene compounds, anthracene and mixturves thereof. 
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7, The fuel composition of Claim 1 wherein the fuel is selectedyfrom the group of 
organic acids having the general formula of CH3 (CH2)nCOOH and nj«tures thereof, where 
n is in the range of 8 to 25, 



8. The fuel coin^osition of Claim 1 wherein the fuel is fleeted from the group of n- 
paraffin compounds and mixtures thereof. 



9. The fuel composition of Claim 1 wherein said fuel component further includes one 
or more additives selected^from the group of alcoho]«, amines, organic acids, carbon black, 
and mixtures thereof. 



10. The fuel composition o^Claim 1 whe^in said fuel component further includes car- 
bon black at a concentration in the range of about 0.2 to 2.0 weight percent. 



11. The fuel composition of Cla^m/l wherein said fuel component is comprised of a 
mixture of one or more par^fi^n wa?^s and carbon black in the range of about 0.2 to 2.0 
weight percent. 



12. The fuel composition of Claim 1 wherein said fuel component is comprised of a 
mixture of one or more paramn waxes and xjne or more polyethylene waxes, or other high 
molecular weight syntheticAvaxes. 



13. The fuel composition of Claim 1 wherein s^id fuel component further includes one 
or more additives to^nhance the mechanical properties of said fuel. 

14. A method of sfelecting a propellant that exhibits desirable regression rate during 
combustion within ^port having a gas stream flowing through the port, comprising the 
steps of: 

determining/ f6r ^givenjx)rt mass flux, G = Pg Ug, where Pg is the port average gas 
density and Ug is the port average gas velocity; and 

determininfg for a thickness h of a liquid layer formed on the surface of said fuel; 
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wherein said port mass flux value a^ said thickness satisfy the relationship of: 

^ n ^^ 3, onsets 

and where a o^ggt *s the entrainment onset parameter and is given by : 

a onset = 1-05 X 10-2[ p ^y/p , 0-3j f j / (Cf ,,,Cbi) ^-"l (1 / H g) Q n i ^ ^ and 
selecting said propellant such that a onset has a value that promotes entrainment of 

droplets from said Itquid layer into said gas stream flowing in said port, where the units of 



15. The method of Claim 14 wherein a ^nset equal to or less than approximately 0.9 

16. The method of Claim 14 wherein the propellai^t is selected from the n-alkane class 
of hydrocarbons, having the general formula of C^ M 2n + 2 and mixtures thereof, where n 
is a mean carbon number and is in the range ofyi5 to 80, and which are solid at room 
temperature. 



17. The method of Claim 14 wherein the prppellant is selected from the group of alkhyl- 
naphthalene compounds, anthracene, and mi^ttures thereof, 

18. The method of Claim 14 wherein^ the propeMant is selected from the group of 
organic acids having the general formij/a of y^yC^^^in COOH and mixtures thereof, 
where n is in the range of 8 to 25. 

19. The method of Claim 14 wMerein the propellant is selected from the group of n- 
paraffin compounds and mixtures thereof. 



20. The method of Claim If wherein the propellant selected by said method is a fuel or 
is an oxidant. 
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21. The method of Claim 14 wherein the propellant is selected from the group of iso- 
mers of the alkane class of hydrocarbons. 

22. A propellant composition suitable for use in hybrid rock/ts having a fuel component 
and an oxidizmg component, where one of said component^ flows past the other compo- 
nent, characterized in that under the heat of combustionr the solid component forms an 
unstable melt layer with viscosity and surface tension/such that droplets melt layer are 
entrained in the gak stream thereby increasing the rate^of combustion. 

23. The propellantvof Claim 22 wherein said propellant is used in solid fuel ramjets. 



24. The propellant of\Z!laim 22 wherein th^ fuel is selected from the n-alkane class of 
hydrocarbons, having the general formula oOt^ H 2n + 2 mixtures thereof, where n is a 
mean carbon number and \ in the rangi/of 15 to 80, and which are solid at room 
temperature. 




wherein the fuel is selected from the n-alkane class of 
bcmula of C^ H 2n + 2 mixtures thereof, where n is a 
an\e of 18 to 40. 



25. The propellant of Claim 
hydrocarbons, having the generj 
mean carbon number and is in 



26. The propellant of Claini/22 wherefn the fuel is comprised of a material where the 
viscosity of the melt layer is less than aboum mPa-sec at an average temperature between 
the melting and vaporization temperatures oPthe material, and the surface tension of the 
melt layer is less than abojat 25 mN/m at the interface temperature Tjnterface- 




27. The propellant of Claim 22 wherein the fuelSis selected from the group of alkhyl- 
naphthalene compounds, anthracene and mixtures thereof. 



# 
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28. TheYuel composition of Claim 22 wherein the fuel is selected 



the group of 



organic acid^ having the general formula of CH3 (CH 2)0 COOH and^ mixtures thereof, 
where n is in the range of 8 to 25. / 



29. The propellant of Claim 22 wherein the fuel is selected frc^ the group of n- paraffin 
compounds and mixtures thereof. 



30. The propellant of Claim 22 wherein said fuel conyionent further includes one or 
more additives seleAed from the group of alcohols, am)^es, organic acids, carbon black, 
and mixtures thereof. 

31. The propellant of Claim 22 wherein said fuel component further includes carbon 
black at a concentration m the range of about 0.2/to 2.0 weight percent. 



32, The propellant of Claim 22 wherein said fuel component is com.prised of a mixture 
of one or more paraffin waxes and carbon/black in the range of about 0.2 to 2.0 weight 
percent. ' \ 

33. The propellant of Claim o^l/erein said fuel component is comprised of a mixture 
of one or more paraffin waxes ar|d qne or more polyethylene waxes or other high molecular 
weight synthetic waxes. 



34. The propellant of Cl^m 22 wherein said fuel component further includes one or 
more stiffening agents. 



35. A propulsion sy/tem including a structure terminating in a nozzle and having a fuel 



ure 



component within th^ structure, one or more ports formed within, or containing, the fuel 
component, and an/oxidant vessel within the vehie^ structure for flowing oxidant in con- 
tact with said one^or more ports to combust said fuekcomponent, characterized in that the 
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fuel is selected such that under the heat of combustion, the fuel forms/an unstable melt 
layer with viscosity and surface tension such that droplets of the melted fuel are entrained 
in the flowingVoxidant thereby enhancing the burning rate of the fupi. 



36. The propulsion system of Claim 35 wherein the fuel is /selected from the n-alkane 
class of hydrocarbons, having the general formula of CnH2n^^and which are solid at room 
temperature. 



37. The propulsion system of Claim 35 wherein thef fuel is selected from the n-alkane 
class of hydrocarbons^, having the general formula ofX^^2n+2 mixtures thereof. 



38. The propulsion system of Claim 35 wherein the fuel is comprised of a material 
where the viscosity of the^melt layer is less thart4bout 1 mPa-sec at an average temperature 
between the melting and vaporization temperatures of the material, and the surface tension 
of the melt layer is less than about 25 mN/m at the interface temperature Tjj^t^rface' 



39. The propulsion system o^Claim 35 wherein the fuel is selected from the group of 
alkhylnaphthalene compounds,/^ith^cene and mixtures thereof. 



40. The propulsion system of/Cfaim 35 wherein the fuel is selected from the group of 
organic acids having the general formula of CH3 (CH 2)0 COOH and mixtures thereof, 
where n is in the range of 8 to 25. 



41. The propulsion system of Claim 35 wherein the fuel is selected from the group of 
n-paraffin compounds and mixtures thereof> 



42. The propulsvon system of Claim 35 wherein said fuel component further includes 
one or more additives selected from the group of alcohols, amines, organic acids, carbon 
black, and mixtures thereof. 
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43. The propulsion system of Claim 35 wherein said fuel component further includes 

carbon black at a concentration in the range of about 0.2 to 2.0 w^ght percent. 

/ 

/ 

44. The propulsion sVstem of Claim 35 wherein said fuel^omponent is comprised of a 
mixture of one or more p^araffin waxes and carbon black ^ the range of about 0.2 to 2.0 
weight percent. 



45. The propulsion systeni of Claim 35 whereir/said fuel component is comprised of a 
mixture of one or more paraffin waxes and one more polyethylene waxes or other high 
molecular weight synthetic waxes. 



46. The propulsion system of Claim 3^6 wherein said fuel component further includes 
one or more stiffening agents. 



47. A combustible hybrid fuel h^ing a solid fuel component, and a flowing oxidizing 
component flowing through a poiVin the solid fuel component, characterized in that: 

said solid fuel componein: is comprised substantially of one or more materials that 



form a liquid layer at t 
fuel component during 



I interface between the flowing oxidizing component and the solid 
Dmjmstion by theVxidizing component, and 



wherein said lie uid/layer exhibits entrainment of liquid droplets in the flowing oxi- 
dizing component during combustion at an eritrainment rate expressed as: 




(23) 



where re is/the empirical expression for the^ntrainment rate of the liquid droplets, 
P^j is a dynamicpressure of the oxidizing componeiU flow in the port, h is the thickness of 
the liquid lay^, ^ is the viscosity of the liquid layer^and a is the surface tension of the 
liquid layer, And P is approximately 2, a is approxiniately 1,5, and y and 5 are both 
approximately 1. 



48. The method of Claim 14 usreaT&^elect a propellant that will exhibit a regression 
rate tailored to a particular appIi<ra^\jBifor mission. 
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